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1(57) Abstract: 



PURPOSE: A semiconductor device having 
an MIM(Metal Insulator Metal) capacitor and 
a nnethod for nnanufacturing the same are 
provided to simplify manufacturing 
processes by simultaneously forming a 
copper wire and MIM capacitor using dual 
damascene. 

CONSTITUTION: A first interlayer dielectric 

(12) having first contact hole is formed on 
a silicon substrated 1). A lower copper wire 

(13) is formed in the first contact holes. A 
second interlayer dielectricd 5) and a third 
interiayer dielectricd 7) are sequentially 
formed on the resultant structure. A second 
and third contact hole are formed in the 
second interlayer dielectricd 5) to expose 
the lower copper wired 3). Trenches are 
formed In the third contact hole. A 
capacitor(27) stacked sequentially a first 
barrier metal(20), a lower electrode(23a), a 
dielectric film(22a) and an upper electrode 

trench. An upper copper wire(26a) is filled in 
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(21a) is formed in the second contact hole and the 
the second and third contact hole and the trench. 
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MiM d\mhmm g^spi ^^£j^^l:4^xf ^ nsj xiia&^^aoi! 201a. 

Cfgfet ^Xfoj ^o\0\ IIHAIH ^^(passive component )&] d\mh\BD\ ±J\ ^I5S§gOil HI 

OI2f ^nHAiaoll^ MPU^XK)j|AH£i Q3\m^ ^nHA|Ei(decoupl ing capacitor). SOC(System On a 

Chip) ^X^2I RF ^XK)j|AH2| 2| m^?} SniS^ OH S (1 mpedance matching)^ 9\m ^Mil^l b^O|IIH^ 
^nHAI decoupling and bypass capacitor), Oh^Sn ClXlg gltHEi SE^ PXIg 0^y^S3 ^tHEiOilAiSI 

^nHAiEj o^e^lOl:?^ 2^a. 

0|2f ^HHAIEiHJ ^om eBHOil^ ^ dl ^ §<!fM Olg§^ §<!^ ^IIHAia e^^^&l 

□Ih(AI) D\^mKA^ Mdf^D^ oigH^H MIMOILKPIasma Enhanced Chemical Vapor 

Deposit ion :PECVO) SiN^^e AFgg[ AI/SiN/AISi MIM(Metal Insulator Metal) 

3£iu a giwasi tiiM(bit) g:?K)ii (r^£^ cHgirsi ^dhaieizjf ge6f:>ii aa 

a. 

OlIM IGHzOllAi e5^8^b gSx^£ISxl(Central Processing Unit:CPU)H| 3^ P^ISgg ?loH/Hfe 
400nF2| 3]mh\E\ m^0\ ^Qmoi. DIM ^Sx^ie,^o| ^^|(Toxeq):»f InmSfa SOig 4- ^IIH 

Aie^i^ 34.5nF/nirfOID1 . 400nFS ?I6HAH^ 11.6nnfoi ^^01 gfiohD. 

^IH MgSjfe PECVO SIN 1000ASI ^SMOI 70iafS CH^^iej Toxeq^ 56nmOII2 
^nHA|©>i(capacltance)^ 0.62nF/ititfOI °^ 400nFS ^oH/Hfe 645imf ^^joj 9^IIHA|E^:?^ XllsgolO^ §h 

^EOj olfe xii^oii 4- 4^xioia. 

^^^D\^o\ ^^¥□ls(Al)ollA^ ^di(cu)s 2^:11. 01011 ca^un oig^^sj ^iih 

Aie>^M H^SM ^SS^ MtM 31iIHA|Ei01l ^fiS^f CIS am^Iil ^ai bH<yg§01jAi ^ 

SSI ^^m^ gHP^ ^iH axii2i 3^ :jh^^ go^p^ sin s^a. 



^xH°j am<y HH^s§3f ^BHAiEi =g nHEiy s§g hch^ SJI6^^ 

AH 3x^^ n^^^^m MIM ^nHAiEis ni^m:)i ?i& ssoi ^sma. 

^ ^^SE ^IWm 5H16F:?! ?|6f01 ov^m ^9.^ ^61. SSM B^I^m^AH ^g POhiil 

^£ibH<y3f e^aii^oii MIM ^iiHAiE^M s^m:?ioii &^£x^l4lX^ * nsi ;g|s^^ag Hiem^Gii 

3 ^2|0| 



n 1 iy:?i xii 1 hi i ^i«goii g^s ^4^:)H2i hi i ^^bH<y. 

HI 1 ^^bH<^M sa^§^ ^^:?i :^i5h^^oj| x^bii^ hi 2. hi 3 ^\ 1 ^^hh^o| ^ 

SS^OI EdHUSE^ HI 2 SZl^^^^LHOil HI 2. HI 3 , HI 2. HI 3 ^i^iS^^OII 

□je£i:Hi "^DX HI 3 ezi^^siuioii m^xi. ^^:)| hi 2 ^i^ia ^ 3 m^xioii xheii^ 

HI 1 bj|E.|CH ^IIHAIEH a^^S^Hf ^SlHI^^if 3iIIHA|Ei ^^^S^. HI 2 ^i^iS Si 

n ^eyxiHj ^^:»i ^iiiHAiEi ^^^s^^^^f hi 3 e^a n ^tiixioii ^^^^ hi 

2 WiaiOi S^eiif. HI 2, HI 3 3 egyxIM ffll^SE^ ^Oj HI 2 tfiiaiOl ^^^^^^ 

Oil HI 2 ^^HHi^e s&6^o^ ^^^e ^s^s gha, 

^0|2f e ^^£x^l^XF2j HI^^^SB :?l&^^01l HI 1 E^SM HI 

1 SZi^^^^g ^^m^ Eh^l. HI 1 eZ^^^^^LH2J ^ siHSOjl ^4^:H2j HI 1 S^UHd 

m b:>ii. ^oi Hiis^bH^ifjS s§^§^ ^^:?i Himeig^^^^^^oii xhBii^ H12, hi3Szi§2^^^m % 

^y\, HI1S^bH<5d3} ^CH£ 6m:?F CHg£i:HI HI3S2f^e^^^01l HMMeixIM 

gamfe ^01 HI 1 ^^bH<lfj3f CHgSI^ ^01 Him^xloF^oj HI 2 Sef^S^^oji HllbllOh 

ftg s^6^^ b:>ii. ^oi Hi3sei^2ef°i ^s^oi naius^. Hiidio^s^f Himeixie 

5&& HI3S^^§S3Q|^^OII HI 1 miaiOl S^a^Jlf HIlESSBf gS^s^^f HI2£SSe xfBjlS 8^8^ 

b &OI Hiis^bHdaif ^oiE mu:^F aig£i:>ii ^oi Hissei^s^^oii ^4-:>h^ hi2^^xi 
e 8^8^^ hi i s^bH<y3f cnea^ Hl2^g!]xl8^^2l &oi hi 2 ^eis^eioji Hl2Ulo^s 

s 8S6^fe ^y\, ssoji Hi2bii£i(>i^^^^:Df Hi3Esem ^y\. ^a^ss^^ ^01 hii 

blO^Si^ ^01 Hll^^xlUiOil HllbiiaiOi^^^^HI 31IIHA|Eia S^i,^J2f ^AlOil ^flHAIEriS^ 

m oi^£^ Hl2blo^s3^ ^01 Hi2i^gi!xii4ioii Hi2g^bH<yg ss&s ^ao^ ehcf. 

s ^^se ^g c:f□^^ sse olg8^oi ^aibH<:fie ssoiiah mim ^inwAiEis ^g am^ s 

^£ibH<y3f eiigoii gSo^:?l 31oid. 

S¥ see ss8^ol s ^^g e^£xll4:x^ s 321 Hissaoii ^ss^e aea ap. 
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s ^^s £ ifoii £AiQ m2f ^01 11)011 ^4^:>H2i ^iiiss m i gz^g 

3S|(12)0| ^^2|oj asiSOilfe ^£ldH^s!(13)OI g^SiOl 9JiQ , 

nam ^dibH<y(i3)e jui i S2}§^^^(12)4^oii ^<i^^^xi^^{i4)iif m 2 sei^asi(i5)3f 
<s^2i^ee{i6)3[ j^i 3 se^§e^Mi7)3f 6^H□^>:a(18):^^ ^m ssaoi 910, 

□ am 6^^ ^dldH<y(13)Si Sa^OI HaUt^ S^^L^g^X|Qf(14)3^ XII 2 S2^a3e|(15)3f 
<i^^':^eS(16)0ll XII 1 eiij§(btlO^S)(19)(£ 1b&^£)I2f XII 2 e€ij§(UIO^S)(£ Id S£)(24)0I 
£101 aiCI. 

nam xii i ^iiis(i9):[if xii 2 e^a(24)sa as^^g oioii chssihi xii 3 eefiastd?)^ 
6^E□^^a(18)oj| ^^^^ ^^^p^ m^^o\ 910. 

0\m M^xl^ XII 1. XII 2 2J01l£ ^£ltiH<ifl(13)Ilf CHgSJIHI XII 3 #^^asa^(17)3^ 5^ 

H0^>i3(18)0il£ gaSiOi 9iQ. 

nam xii i ^i?is(i9) s n M^xiuioii^ xii i widioi oiigs(20)3f ^iihahei m^2^(2ia) 

3f ^IIHAlEi ^Sx^m^(22a)3} ^IlIHAIEI ^^^S^(23a)J2^ XII 2 ttlldlOl Olie§(25)0| x^eilS §^£101 SI 
H, XII 1 e^S a 3 M§!lxlM Oil^S^ XII 2 blldlOl Oil (25)^^011 ^£1 bH^fj (26a)OI 

Oira ^IIHAIEI 6h¥S^(21a)2l ^DHAIEI ^ax-im^(22a)2} ^DHAlEi ^^¥2!^(23a)^ ^IIHAia{27)S =?- 

3dlll XII 2 ^^#(24) 3 ^^¥2J Meilxj SSM CDEUH Xii 2 WldlOl bl|g#(25)0l §^£101 2^3. 

Xll 2 ee^a ^ 3 ^^¥°J ^^XIS WI^S^ XII 2 WldlOl mmm{25)^^0\\ ^£|dH<y(26a)0l g^aoi 91 
Q, 

XII 1 S 3 4^¥2| egyzlSf, XII 2 ^i^iS S 3 ^^¥21 MgOxl^ =g c^D^{y 
01^3 9X0. 

3dl3 ^OIOII H[9\ ^01 XII 1 ^i^jg ^ 3 ^^xlOil 9inH Aj El (27)a XII 2 ^ii!S 

^ 3 M^xIQil ^dldH<y(26a)^ BlI^'OII §^£JCH 

aeoii ^oi2f i^:^^ s ^^^xw ±x[9\ xii^^^aoii q\b[o\ ^^mo. 

axi. £ laoii £Aie[ ti^2f ^^01 ^Bi^:?ie(ii)^^2j XII 1 #21^^^412)011 ao^<M s§o^ 

DW9\ m¥ ^£lbH<y(13)e a^g^D. 

3ai3 6F¥ ^aibH<:fl(13)S Si,^^^ 4^P| XII 1 eZfl2Q|(12)^^0j| mf<ih«fX|Q|(i4)j2f ;gi 2 

gef^2ei(i5)3f ^2,^^es(i6)5f XII 3 S2i§s^^(i7)3f mHDF>i3(i8)» x\^\m m^mo. 

0\m XII 2 Se^^2^S|{15)^ xf^OII ^7SF¥ ^aibH^yOI S^EI^ blOh«e m^o[D\ S0|3, XII 

3 e^^i^^4i7)g ^^#¥ ^aioH^m moio. 

3£|3 Xll 2. Xll 3 aef^ei^4l5,17)^ ^ £l^<i^fi^S|(si 02)01 U FSG(Fluorine doped Silicate Glass) 
SEb ^E^^^D[ Ql^^ 1.0-3.0HI S¥IM i;>^ XH^S ase^o^ SSghD. 

3ai3 Xii 2, XII 3 eZ^l^^^lS. 17)21 es^«hAi^ o|6h2J B£OilAH g§0| D\^§y 

PECVD(Plasma Enhanced Chemical Vapor Deposition). HDP-CVO(High Density Plasma-CVD) . 
APCVD( Atmospheric Pressure CVD)U ±^ 311 ^^^ijoil 2jSH>M ^ 9JiQ, 

3£|3 ^<i^^^X|Q|(14)3f ^^^::iee(16):Df 5hHDh>:i3 ( 18)^ PECVD g>^^o^ ^aie 
U0|M£miH(SiN)U ^£ie ^F^(SiC) SE^ ^£1^ ^FMUOI^dfOj E(SiCN)g estBFOl §^^3. ¥3)11 
^ 100-1000 A S?IM t^a. 

^OlOilAH ao^i!^ ^HE-ia^^^'OII Ca^f SE^ Mg£|^ etsi gsoil ffFdf 4M2|>iS#(16)a 

oFEDF>i3(18)^ ^ 910. 

OrnOW £^011^ EA|£|01 91X\ &^X|of 6^H0^>lB( 18)^^011 Xll 1 £Sm3 bo^ a e^^ggo 

OI^Oll IIHE-iyS Xll 1 ^'S^m Df^B^ £ 1bOil £A|g^ bF2F SOI 6^H□^>lB(18)2^ Xll 3 

S2v^2Qi(i7)e nmm ^»2|6F0j ^:^^nB\ egyxis s^tha. 3£i3 xii i i^sotg xii:>i&a. 

3£I3 ESOII^ EAISQl 9JiX\ ^X\2} SSOil Xll 2 2,^^^^^ £SaF3 iy ^^^SS^^ 

MIM(Metal Insulator Metal) 3^IIHA|E^:?^ ^2^:A.g* A^«o^ c^^l^^s jgi 2 tld^il^o 

oi^oii nHE-iye xji 2 ^^^eie o^>.B^ ^'^^i^i^ieedejSF x^i 2 S2iie^^4i5)3f ^<:l^^^xle|(14)e xf 

311^ ^'^^oHAH m¥ ^£lbH<y(13)^^0il Xll 1 ^i«g(19)e 3£I3 Xll 2 i^^^^^M Xll>1g^a. 

01^^^ Me!lx|{trench)M ejXH ^ Xlll^i^MM §^6^^ ^^S^^ gAh trench first dual 

damascene SSOIdf ^^O. OI2f ^^^E^ Xllie^gM e^X^ ^ M^^l =?^m HHEiyoF 

01 ess £IS m ^£ CH UOPFAI^ m^Q\^B(6ua\ hardmask)B Afggh OO^ g 
§S xHiiiB 9iO. 

mmm^ Eiboii uEiyi ^eyxisf sas ?i6foi s&^^jos agf& aoF6i ^ 
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^0|2[ SSOil SloHAH ^§S^2| ^ OH i!fl( 13)01 ^ 16)^^0il Sxll^jo^ 

S^^(Serpentine m^X\:)\ Sas:>il 

D^Oil £ 1cOil £A|^^ d^2l ^01 HI 1 Si4ig(19)3} ^^:H2| M^xIB 5^HQ^>lB(18)*.^01l XII 

1 m^\o\ oii^#(20)2f i £e#(2i)3f §2^^^(22)3^ j^iii 2 Ea#(23)s x^^lls gsfg^a. 

OKDi XII 1 WI£IOi 0ll&S(20)e ^£l(Cu)^ :p£|oj O^^CI^S (outdi f fusion)OII 2|6H 3i 

nam xii i biidioi 0111^^(20)21 m^'^ m^\o\ mm m^' stJioii ?iioiihb ^. :o£ig5K)iiAisi 

CP^^Cdegas) xHaiS 6H;i Ol^Oil 0^S2 -A^mg h2U NH32f HM M^^^□^g 

0|g^^ ^01! ^iiy^KII. 

li\ 1 dlldlOl [}|ll^e(20)^ ^ai2J0iI£ Ta. TaN. TiN. WN, TaC. WC. TiSIN. TaSiN 0\mm ^ 
m ^§iB[0\ 4- 9111, PVD(Phsical Vapor Deposition)U CVD(Chemical Vapor Deposltlon)U 

ALD(Atomic Layer Deposit ion)M A^go^Oj ^ SiCf. 

nam ^oioiiah xii 1 £ss(2i)^ xF^oii ^imiAiasi 5^¥a^s i^spi ?ith 5!0iii. m^^'(22)s 

3iflHA|E|2| ^Sx^l^ie SS5PI ?|& ^0\D\, M 2 £aS(23)S 91IIHAIE12I SSSF:?! ?I& 

5!oia. 

3di:i2 ^01 XII 1, XII 2 £SS(21.23)S Pt . Ru. IrU W Ahgmoi CVD. PVO SE^ ALD ^^9.^ 

^e^^^(22)^ Ta ^mm, Sa-Sr-Jl^mm, Zrt^mm, HFt^§!^m. Pb-Zn-TI^^SfgO|L^ Sr-BI-Ta<i^ 

mmm a{So\o\ cvo. pvou ald ^^a^^ 

OI^OII SSOII^ SAiaOl giXI 8^X1 o^ XII 2 £a#(23)^^0|| l]\ 3 ^^m^'m hoS S 

MIM 3iIIHAIEI ^^S^OII°} XII 3 ^'E^'M {^^^9.^ HHEiythD. 

Il£i:i2 IIHEiyS XII 3 i^^a^^S □^^BS XII 2 £aS(23)J2f ^2S|(22)3f Xil 1 £aS(21):flf XII 

1 miaioi mmm(20)m x^3l!s nam xii 3 ^'m^m xii:H§ha. 

QBO\\ £ 1dOll £A|§[ b^2| ^01 XII 2 £S§(23)3I 5^HD^>^3( 18)« 2^011 XII 4 

Oil EAi£ixi ^'m)m £56H2 ^^^ss^^ 4 ^^^q|^ nHEnyt^a. 

OI^Oll HHE-iaB XII 4 ^^^^^S □^>i3^ £ IdOII £Ale[ tIFSf ^01 mED^>iB(18)2f X|| 3 

S2}^e^Q^(i7)g xF5jis 4^2^6^« ^4-:?H2| MeyxiM a^&a. nam xii 4 ^^sqim xii:H&a. 

mm £3011^ £AI£J01 2iXI SX|°} 2S0II XII 5 i^^S^IS £g ^ ^^^SS^S ^EIHHiy 

01 m^m ^^:±:mm(^6) na-ius^ xii 5 i^^^^^s iiHEiy 

oi^oii HHEiye XII 5 m±H^ ^^±mm{^6m xii 2 se}g3^^(i5)3f ^<^L^^^x|9|(14)s x^ 

ai^ ^2|5HAH m¥ ^aiHH^{i3)^^oii ii\ 2 ^^m{24)m m^mo. nam x-ii 5 ^'E^m xn^i^Q. 

01^^^ M^xl(trench)S ^Xi ^ XII2^iijmS g^m^ ^^S^^ S^^ trench first dual 

damascene 5§0la^ SehCK OI2f ^A[m ^'^9.^ M\2B^mm ^Ji m M^xl IIHEiyoF 

Oi g§e as & giCf. Qi UOPFAHfe 6^E□^>::B(dual hardmask)M A^gg^ c:^O^d g 

mm xHiiie sia. 

et-^mS £1dOII UEiyi egyxISf ^sia zp^^ g^g ^sK)j g^h^jo^ mgjiji potg^ po^^ :p 

s g^^^soi A^g@c:f. 

^oioiiAH£f ^01 ^aibHiifis ^g c^□^1M 3;>£^ mo, 

OmOW £ leOII £A|§h aOI XII 2 £2e(23)3f ^§llx|£f 6^H□^^B( 18)2f XII 2 ^^^(24)^ S 

seoii XII 2 biiaioi oiiirs(25)s e^^^^^a. 
o\m XII 2 biiaioi oiigs(25)^ xii i wiaioi mmm(20)ii^ ^oi ^ai(cu)M ^aisi o^s 

C|^a(outdiffusion)0|| 2JoH 3imME\D\ mD\^9^ ^sfS^ 3Je &XISm SESh §9^^°] l^^g 

urns ^^xioh:?! mm ^0\Q. 

nam xii 2 miaioi mms{25)2\ gs^g bilalo^ oiig gst sbioii ^noima usigmoiiAHsj p 

:?F>^(degas) xHai, Ofs^ >,it|E| Baia SE^ H2U NH32f HM S&& Maf^mg 0|g& 

Baiy ^011 sii^^^a. 

nam Xll 2 WiaiOl CHI^e(25)B ^aiSIOllS Ta, TaN. TIN. WN, TaC, WC. TISIN. TaSIN 0\mm ^ 
m ^mo[0\ ^ 9111, PVO(Phsical Vapor Depositlon)U CVO(Chemical Vapor Deposition)U 

ALD(Atomic Layer Deposit ion)M A^g6^0j m^'^ 4^ SiD. 

OI^Oll £ 1eOII £A|§[ d^2^ SOI MSixl Sy XII 1 . Xll 2 e^S(19.24) ^^¥S QHil6F£^ SSOII 

^a|Q|(26)S x^ais S^^Sha. 

oioH ^ai^^(26)^ PVD cvo^oii 9\m MiE ^ai^^^f. SoHE^oii 9\m ^aie^^ m^m ^^^m^m, 

g^eg£l>.(Eiectroless) ^ai m^'OW 9\m MIH ^ai^iJif a6H£^01l ^aiQI tss 3Ei.^m?1 

u. oiM mxi\9\ ^^m ^mB\o\ as&a. 

aeoii £ ifoii £Ai§[ bfsf aoi D\n^ ^o^sso^ mE0f^B(i8):?f Eanus^ 

^a|Q|(26)3l Xil 2 biiaiOl Oll^e(25)2f XII 2 £a#(23):Df ^eQ|(22):Df Xll r£aS(21)Ilf Xll 1 wiai 
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OIOII SloHAI Ji\ 1 eSiSSi UOfd S^OII^ ;ai 1 UIIBIOI OI|gS(20)jlf ^IIIHAIE) 3(^S^(21a)iU 
5^1I||A|EI SSfl|af(22a)a ?111HAia 6t¥S^(23a)a III 2 WISIOI 0l|gS(25)a ?eibHd(26a)OI xtaiS 

Zl£|3 «l 2 SejSSI C^□^6I S^OIIfe HI 2 UllSIOi 0l|gS(25)aU ^£ldH6!(26a)0l Sjg S^S 

P. 

Oimi MIM 5ilIHA|EI(27)fe 311IHAia 5f^a^(21a)a ^DHAia SSa|S|(22a)2t ?11Il|Aia 4^^S^(23a) 

nam ^£iuH<y(26a)s m i, m 2 ssjSs xh^e^ saaa. 

0|2f ilOl eil81!OII MIM ?1]IHA|EI(27)Sf ?£lbH<^ (26a)0l 

nam c^□^^d ^ssi axha ^soii mim 31iihaiei(27)s ssaiijosmi 3iiniAie>b:S ei^ui^ 4^ 21 
a. 

x^^oll ?didH<::!s §^1* mzDi sife 3^011 pai 

a^<i^g^xls^/s^^laQ^/A«^^>:eg/*^^l^2e^/5^E□^:^l3g xtais es^Ai^iAi DM sss sutf 4^ 

91Q. 

ao^<^J ^peiuHag sas^^ ssoiiai. ^sibH^af gsj eii^oii mim ^ibhaieis ai^g 4^ 

2^0°^ MIM 9iHHA|E|°| Hl^g ?|& DlIgS 4=S gPI-AI^ gfilJJ SID. 

oloii m£}AH s§e B^sf Ai3i:)ioii goism. 

(5/) &=P3I &9I 
1 

:'ie&^oii ^4^3H2i xii 1 seime x-ii 1 seig^ef, 

feOI HI 1 S2l§2anj°| &^^| flj 1 se^gOII g^E ^^-^HS) HI 1 3^tlH<y. 

HI 1 S^HHi^S :)|&4^0II xhaiS HI 2, HI 3 ^eig^Qf. 

4.^31 HI 1 S^UH<!d2| SSS^Oi EaUE^ 40I HI 2 gZIH^efyoU ggg HI 2. HI 3 ^SIS. 
4»:J| hi 2. HI 3 esiS^hOII 2[2t C«gg?|| x^| 3 eeiggonjioii g^g egyxi. 

401 HI 2 setis iy n seyxiwi »ais §as hi i wiaicH s^eiaf ^ihhaih shva^nf 

X1|S|2I ?1IIHAIEH 

&^:?i hi 2 ssHg ai 3 Egiixisi A}:,] ^nHAiEH ^^¥a^^»i!i ^^31 HI 3 aejs SI a ^ei! 

xlOll 2|2f g^a ai 2 mi£IOI g^eijij. 

^01 HI 2. HI 3 esiS g 3 ^¥ MeixIM Dfl^E^ HI 2 IHI£I0I 3^a|^^01l SSS HI 2 
S^UHiag S&olOI ^§oS olfe yCHIiliW. 

2 

HI 1 soil &^:>| HI 1 S2>lSB|fe^0llfe a^i^&XieiOl CH g^gg ^§°S ohfe SfSai^iW. 

3 

HI 1 soil SiOIAI, HI 2 #^^§8^e^&^0l|fe <iJ2[>:S#OI CH il^gg ^SES 8|fe &tEXII4:». 

S?S 4 

HI 1 tJOil SiOIAI, HI 3 SZfS^BI^^OIife SIHOI^^a^l Q SSSS ^SES olfe yEfll4;». 

S^S 5 

HI 1 soil SICHAI. &^:)| HI 2, HI 3 gSiS 4^¥2| 2| e§yx|fe HI 2. HI 3 geiS SO 3 ^01 

6 

HI 1 soil £101 A^. &^:)| HI 2 S^JS S 3 4f¥21 Me!!xia ^:3| HI 3 e^Jfi S 3 6f¥2| EgiJi^ 
S^S 7 

HI 1 soil aOIA). ^:J| hi 1. HI 2 3^UH6!S ^£IS ?SSS ^S^S SIfe &Eai4:». 
S?S 8 
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XII 1 soil aiCHAH. feOI HI 2 S^UHde gd|2!/aSf2! m^&OW 2|e} MIE ^£|Sf2} a6H£2S 
Q|°J SU-Oll 2|oH =?'^S\y\U. ¥S5HaO« 2|& M|= qi£|a|3} SSHESS ^e|Q|2| SgOii 2|8H =?^E 

S^S 9 

I'le^^oii ^^'JHsi HI 1 sejsM ^s^m m i geiiaeim m^si^ ssi, 

4}3| HI 1 S2V§39|UO| HI 1 5§!S0|| ^4'3H2| HI 1 e^bHdJg SS8^fe 9311, 

&OI Hii^^uN^B mm^is&^^w siais H12. hiss^^^sbis sss^^ bva, 

m^s^mMla ^wz. 8^U3^ aea^ii Hiagzigaeioii ^^-jhsi HiiseixiM sa8^fe & 

311. 

^►31 HI 1 g^bH<ya Mgafe ^^31 HI1eg!!x|3^¥£| 4f3| HI 2 gZ^gaafOil HllblOISS §S8lfe B 
311. 

feOI HI3g2>§ea|o| o'gMOl E£m£^. &OI HI1bl0^g3^ feOI HI1Mg!!j|S ^^31 HI3#2}1 

aei&^Oil HI 1 mi£IOI ^^9^21 HI1ESS3} gsefj]} HI2Ease xiaiS lao^fe 9311. 

^31 HI13^dHd2} om3J CHSa3|| 4^31 =£|y HI3S^^laQ^0ll ^4'3HS| HiaMeixIM SSS} 

B3il, 

^Ol HI 1 S^dH<y3} Dimgfe HI2Me!!3:lol¥2| ^^31 HI 2 SZfil^eioll HI2blO^SS §S6ffe &31i, 

SeWI HI2UII£ICHS^at3} HI3ESSS g^shfe B3II, 

SDIggoS &^3I HllblOISa feOI HIIMaXIUIOII HllWISIOIS^eta ^IDHAIEIS eAIOII 4^ 

31 ?|lIHAIEI£f g^ai^e 0I^£^ A}3| I||2blO^S3^ ^3| HI2MeyX|LH0ll HI23^UHdls ^§ 
o£ SIfe e}iEXil4:X|2| HIigfa. 

10 

HI 9 &OII 910\M, 4}3| HI1. HI2S^HHiyS ?£IS gS&m ^3°^ Shfe eiEHI4iXh2| Hl^g^B. 
11 

HI 9 &OII SIOIAH. 4}3I HI1. HI2blldl 01 ja, TaN. TIN, WN, TaC. WC. TISIN. TaSiN SEfe 

o\mm ^mmoi gssife 21s ms°^ sife efcni^iitei nisgfa. 
s^s 12 

HI 9 soil aiOIAH. fe>3| HI1, HI2£aSS Pt , Ru. IrU ^§2^ olfe g^EX^I^J:^°l HI 

13 

HI 9 &Oil 910\M, ^^31 ^aaiS Ta Ba-Sr-Ti<L^S^g, Zr1i^s^g, HF<itSfg. Pb-Zn-TI<i^S^gOIU 

Sr-BI-Ta<i^S^gM A^g8^0^ S^&g ^SHS 8^fe e>Eai4;»S| HISSES. 

14 

HI 9 tfOII SiCHAH, &^3| HI1, HI2Ull£ICHS^atIlf ^^3| HI1, HI2£S#]i]l- 40| §Sa|S PVD{Phsical 
Vapor Deposition)!-} CVO(Chemical Vapor Deposit ion)l4 ALO(Atomlc Layer Deposit ion)£ SS&S ^S 
8}fe B^EXII4:X|2i Hl^ghS. 

15 

HI 9 soil 910\k\, HlimidlOIS^aii!} HI2bll£IOIg^a}e 2|^^ §^§131 SOII mi£|0| 3^ S 

srSblOII ?IIOIfflS we ^ I25!SSK)l|AH°l C|3|::^(degas)xH£lolfe &3j|. 

0}sa iiifflEI a£|y SEfe H2a NH3£f as HS S£t^OIS 0|g§{ y§s 3£iy 931ia 

a ms°^ sit: yE«i4i»°i Hi^&a. 

S^S 16 

HI 9 ifOII 9JlO\M. 4^31 HI3E2!Sg ?£|a|2S S^&M ^SS£ Stfe ei£ai:i:XI2J HISSES. 
17 

HI 9 ilOll aiCHAH. HISESSS PVOU CVOaOll Sleh MIS ^£|9t2} a8H£^0ll 2|& ^£|e,^ ggg 

5&8I31U. ^afeS£li^(Electroless) ?£l gsfOII °|g} MIE q?£|e^3f SoHESOil °|g} ?£|e| gj^ 
§ S&5}31U OIM Sai°| gfSs ^ifSfOl S^ifM ^SSS S}fe e^Ex^l4l»2| HISgfa. 
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